
TITLE OF THE INVENTION 

Semiconductor Device and Manufacturing Method Thereof 
BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to a semiconductor device and 

manufacturing method thereof. More specifically, the present invention 
relates to an improvement of a structure of a semiconductor device allowing 
improvement in operation characteristic of the semiconductor device, and to 
manufacturing method thereof. 
10 Description of the Background Art 

A structure of a conventional semiconductor device will be described 
with reference to Fig. 15. Referring to Fig. 15, an element isolating oxide 
film 2 for defining an active region is provided on a main surface of a p type 
^silicon substra te 1. At a position of a prescribed depth from the main 
15 surface of p type silicon substrate 1, there is provided a stiip shaped p type 
isolation region 3. In the active region defined by element isolating oxide 
film 2, an nMOS (Metal Oxide Semiconductor) 100 is formed. 

The nMOS 100 has a gate oxide film 4, a gate electrode 5 and a pair 
of n type source/drain regions 6. The pair of n type source/drain regions 6 
20 are provided on both sides of gate electrode 5. Upper and side surfaces of 
gate electrode 5 and surfaces of the pair of n type source/drain regions 6 are 
covered by an oxide film 7, and oxide film 7 is covered by an interlayer 
oxide film 8. 

A bit fine 9 is connected to one of the pair of n type source/drain 
25 regions 6. Bit line 9 and interlayer oxide film 8 are covered by an 
interlayer oxide film 10. 

On a lower surface of element isolating oxide film 2, an impurity 
region 12 is provided connected to the other one of the pair of n type 
source/drain regions 6. A capacitor 200 is connected to impurity region 12 
30 through a contact hole 10a provided piercing through element isolating 
oxide film 2. 

Capacitor 200 has a storage node (lower electrode) 13 directly 
connected to impurity region 12, a capacitor dielectric film 14, and a cell 
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plate (upper electrode) 15. Capacitor dielectric film 14 and cell plate 
(upper electrode) 15 are provided to extend over interlayer oxide film 10. 

A memory cell of a DRAM (Dynamic Random Access Memory) is 
formed by nMOS 100 and capacitor 200 described above. 

In order to meet the demand of reducing the diameter of a contact 
hole 15a as the semiconductor device has been miniaturized, a framing film 
11 of an oxide such as TEOS (Tetra Etyle Ortho Silicate) is provided on a 
side wall portion of contact hole Jr&at 



Fig. 16 shows an impurity concentration profile along a cross section 
taken along the line X of Fig. 15. Referring to Fig. 16, the line A 
represents concentration of an n type impurity such as phosphorus, and the 
line B represents concentration of a p type impurity such as boron. Here, 



region 12 has a depth of O.ljam to 0.55|am. 

The method of manufacturing the semiconductor device having the 
above described structure will be described with reference to Figs. 17 to 25. 

Referring to Fig. 17, element isolating oxide film 2 is formed on the 
main surface of p type silicon substrate 1 by LOCOS (Local Oxidation of 
Silicon) method or trench isolation method. Thereafter, an n type 
impurity is introduced to the entire main surface of p type silicon substrate 
1 to form the strip shaped p type isolation region 3. 

Referring to Fig. 18, by photo lithography and etching, gate oxide 
film 4 and gate electrode 5 having prescribed shapes are formed. 
Thereafter, referring to Fig. 19, using gate electrode 5 as a mask, an n type 
impurity is introduced to the main surface of p type silicon substrate 1, to 
form a pair of n type source/drain regions 6. 

Then, referring to Fig. 20, oxide film 7 is formed to cover the upper 
and side surfaces of gate electrode 5 and the surfaces of the pair of n type 
source/drain regions 6. Further, interlayer oxide film 8 is formed to cover 
oxide film 7. 

Referring to Fig. 21, a contact hole reaching one of the pair of n type 
source/drain regions 6 is formed in interlayer oxide film 8, and thereafter 
bit line 9 formed of a conductive layer connected to one of the pair of n type 




a p type isolation region 3 has a depth of at most 0.55jim, and impurity 



source/drain regions 6 is formed. 

Thereafter, referring to Fig. 22, interlayer oxide film 10 is formed to 
cover interlayer oxide film 8 and bit line 9, and by photo lithography and 
etching, contact hole 10a passing through interlayer oxide film 10, 
interlayer oxide film 8, oxide film 7 and element isolating oxide film 2 to 
reach silicon substrate 1 is formed. * 

Thereafter, referring to Fig. 23, using contact hole 10a, ajpjtype 
impurity is introduced to p type silicon substrate 1 to form impurity region 
12 which is connected to p type isolation region 3 as well as to the other one 
of the pair of n type source/drain regions 6. 

Introduction of tke n type impurity at this time is performed with 
implantation energy of lOOkeV to 200keV and the dose of lxl0 13 cm 2 to 
lxl0 14 cm" 2 . As a result, impurity region 12 comes to have the impurity 
concentration of about 3xl0 17 cm~ 3 to 3xl0 18 cm" 3 . 

Referring to Fig. 24, framing film 11 of an oxide film such as TEOS, 
is formed to cover an inner portion of contact hole Then, referring to 

Fig. 25, framing film 1 1 on the bottom portion of contact hole 10a and on 
interlayer oxide film 10 is removed, so as to leave framing film 11 only on 
the side wall portion of contact hole 10a. Thereafter, in order to remove a 
natural oxide film formed on the surface of p type silicon substrate 1 
exposed at the bottom of contact hole 10a, washing by hydrofluoric acid is 
performed. 

Thereafter, storage node (lower electrode) 13 directly connected to 
impurity region 12, capacitor dielectric film 14 and cell plate (upper 
electrode) 15 are formed, and thus a memory cell structure of a DRAM 
having nMOS 100 and capacitor 200 shown in Fig. 15 is completed. 

In the semiconductor device having the above described structure, 
however, washmgjwith hydrofluoric acid is performed to remove the 
natural oxide film formed on the p type silicon substrate 1 expos ed at t he^ 
bottom of contact hole j.0ai, as described above. At this time, framing film 
11 of an oxide Jilm such as TEOS provided on the side wall portion of 
contact hole 10a is etched by the hydrofluoric acid. As a result, framing 
film 11 is reduced in thickness, resulting in an enlarged diameter of contact 



hole 10a. 

^SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to provide a 
semiconductor device of which operation characteristic is stabilized by 
5 preventing enlargement of the diameter for forming inter connection layers 
as the semiconductor device is miniaturized, and to provide manufacturing 
method thereof. 

According to the present invention, the semiconductor device 
includes a semiconductor substrate having a main surface, an element 
10 isolating region for defining an element framing region on the main surface 

2 of the semiconductor substrate, a strip shaped isolation region having a 

fu peak of impurity concentration at a prescribed depth from the main surface 

Ljl of the semiconductor substrate, a connection hole provided piercing through 

the element isolating region, a hydrofluoric acid resistant side wall film 

e _ s 

Jt; 15 which is not etched by hydrofluoric acid (hereinafter referred to as an anti- 

3 HF side wall film) provided to cover the side wall of the connection hole, an 
^ interconnection layer provided to fill the connection hole, and an impurity 
L, region provided on the semiconductor substrate extending from a lower end 
M 5 portion of the connection hole toward the isolation region. 

^20 As described above, an anti-HF side wall film which is not etched by 

hydrofluoric acid is provided on the side wall of the connection hole, and 
therefore the thickness of the anti-HF side wall film is not changed even 
after the step of washing using hydrofluoric acid, during manufacturing of 
the semiconductor device. As a result, smaller diameter of the connection 
25 hole required as the semiconductor device has been miniaturized can 
effectively be attained. 

As a preferable embodiment of the semiconductor device, a nitride 
film is used as the anti-HF side wall film. More preferably, the impurity 
region includes a first impurity region provided to connect the 
30 interconnection layer to the isolation layer, and a second impurity region 
provided near a lower end of the connection hole to be connected to the 
interconnection layer. 

As the second impurity region is provided near the lower end of the 
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connection hole, the semiconductor substrate near the lower end of the 
connection hole comes to have lower resistance, and hence it becomes 
possible to improve operation characteristic of the semiconductor device. 

In the semiconductor device in accordance with a preferred 
embodiment, the anti-HF side wall film is either a polysilicon film or an 
amorphous silicon film. 

As the polysilicon film and the amorphous silicon film are conductive, 
a trap, which is generated at the semiconductor substrate when the first 
impurity region reaching the isolation region from the lower end of the 
connection hole is formed, does not present any problem. 

The method of manufacturing the semiconductor device in 
accordance with the present invention includes the following steps. 

First, an element isolating region for defining an element framing 
region is formed in a semiconductor substrate having a main surface. 
Thereafter, an impurity is introduced to the entire surface of the 
semiconductor substrate, and a strip-shaped isolation region having peak 
impurity concentration at a prescribed depth position from the main 
surface of the semiconductor substrate is formed. 

Thereafter, a connection hole piercing through the element isolating 
region is formed. Then, an anti-HF side wall film which is not etched by 
hydrofluoric acid, is formed covering the side wall of connection hole at 
least near the lower end of the connection hole. 

Then, an impurity is introduced to the semiconductor substrate 
through the connection hole, whereby a first impurity region reaching the 
isolation region from the lower end of the connection hole is formed. 
Thereafter, inner portion of the connection hole is washed by hydrofluoric 
acid. Then, an interconnection layer is formed to fill the inside of the 
connection hole. 

As described above, according to the method of manufacturing a 
semiconductor device of the present invention, even in the step of washing 
using hydrofluoric acid, thickness of the anti-HF side wall film is 
unchanged. As a result, the diameter of the connection hole is effectively 
reduced, as required along with the miniaturization of the semiconductor 




device. 

Further, in a preferred embodiment of the manufacturing method of 
the semiconductor device, in the step of forming the anti-HF side wall film, 
either polysilicon film or an amorphous silicon film is formed. When such 
a film is used, the thickness of the anti-HF side wall film is unchanged 
even in the step of washing using hydrofluoric acid. Further, since these 
films are conductive, the trap generated in the semiconductor substrate 
when the first impurity region reaching the isolation region from the lower 
end of the connection hole is formed does not present any problem. 

In the preferred embodiment, in the step of forming the anti-HF side 
wall film, a nitride film is formed, and before the anti-HF side wall film is 
formed on the side wall of the connection hole, an impurity is introduced to 
the semiconductor substrate through the connection hole, whereby a second 
impurity region is formed near the lower end of the connection hole. The 
thickness of the anti-HF side wall film is unchanged in the step of washing 
using hydrofluoric acid also in this example using nitride film. 

As to the trap generated in the semiconductor substrate when the 
first impurity region is formed from the lower end of the connection hole to 
the isolation region, the trap does not present any problem, as the second 
impurity region is formed near the lower end of the connection hole. 
Further, as the second impurity region is provided near the lower end of 
the connection hole, the semiconductor substrate near the lower end of the 
connection hole comes to have lower resistance, and hence operation 
characteristic of the semiconductor device can be improved. 

The foregoing and other objects, features, aspects and advantages of 
the present invention will become more apparent from the following 
detailed description of the present invention when taken in conjunction 
with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross section schematically showing a structure of a 
semiconductor device in accordance with a first embodiment. 

Fig. 2 shows an impurity concentration profile of a cross section 
taken along the line X of Fig. 1. 




Figs. 3 to 12 are cross sectional views showing the first to tenth steps 
of the method of manufacturing the semiconductor device in accordance 
with a first embodiment. 

Fig. 13 is a cross sectional view schematically showing the structure 
of the semiconductor device in accordance with a second embodiment. 

Fig. 14 is a cross sectional view schematically showing a structure of 
a semiconductor device in accordance with a third embodiment. 

Fig. 15 is a cross sectional view schematically showing a structure of 
a" semiconductor device in accordance with the prior art. 

Fig. 16 shows an impurity concentration profile of a cross section 
taken along the fine X in Fig. 15. 

Figs. 17 to 25 are cross sectional view showing the first to ninth steps 
of a method of manufacturing the semiconductor device in accordance with 
the prior art. 

Fig. 26 is a schematic diagram showing the problems of the 
semiconductor device and the manufacturing method thereof in accordance 
with the prior art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiment of the semiconductor device arid manufacturing method 

thereof in accordance with the present invention will be described in the 

following with reference to the figures. 
First Embodiment 

The semiconductor device and manufacturing method thereof in 
accordance with the first embodiment will be described in the following 
with reference to the figures. 

Referring to Fig. 1, on a main surface of a p type silicon substrate 1, 
an element isolating oxide film 2 of a silicon oxide film, for example, for 
defining an active region is provided. At a prescribed depth position from 
the main surface of p type silicon substrate 1, a strip shaped p type 
isolation region 3 is provided. In the active region defined by element 
isolating oxide film 2, an nMOS 100 is formed. 

The nMOS 100 has a gate oxide film 4, a gate electrode 5 and a pair 
of n type source/drain regions 6. The pair of n type source/drain regions 6 



are provided on both sides of gate electrode 5. The upper and side surfaces 
of gate electrode 5 and surfaces of the pair of n type source/drain region 6 
are covered by an oxide film 7 and oxide film 7 is covered by an interlayer 
oxide film 8. 

A bit line 9 is connected to one of the pair of n type source/drain 
regions 6. Bit line 9 and interlayer oxide film 8 are covered by an 
interlayer oxide film 10. 

In silicon substrate 1 near the lower end portion of contact hole 10a, 
there are provided a first impurity region 52 reaching the p type isolation 
region 3 and a second impurity region 50 connected to the other one of the 
pair of n type source/drain regions 6. To the first impurity region 52, a 
capacitor 200 as an interconnection layer is connected through a contact 
hole 10a provided passing through element isolating oxide film 2. 

The first impurity region 52 is formed to reach p type isolation region 
3 here, in order to lower impurity concentration of p type isolation region 3 
by introducing an n type impurity, which is opposite to p type isolation 
region 3 into silicon substrate 1. 

As the impurity concentration of p type isolation region is decreased, 
it becomes possible to relax electric field in the X direction from the lower 
end portion of contact hole 10a to p type isolation region 3. As a result, the 
leakage current through the X direction of the charges from storage node 13 
(which will described later) can be reduced, and hence it becomes possible 
to decrease impurity concentration of a pn junction formed by p type 
isolation region 3 and n type source/drain region 6. 

Capacitor 200 includes a storage node (lower electrode) 13 directly 
connected to first impurity region 52, a capacitor dielectric film 14 and a 
cell plate (upper electrode) 15. Capacitor dielectric film 14 and cell plate 
(upper electrode) 15 are provided to extend over interlayer oxide film 10. 

The DRAM memory cell is formed by nMOS 100 and capacitor 200 
described above. 

In order to meet the demand of reduced diameter of the contact hole 
10a along with miniaturization of the semiconductor device, an anti-HF 
side wall film 51 which is not etched by hydrofluoric acid, formed of an 
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isolating film such as a nitride film is provided. 

Fig. 2 shows an impurity concentration profile of the cross section 
taken along the line X of Fig. 1. Referring to Fig. 2, the line A represents 
concentration of the n type impurity such as phosphorus, and the line B 
5 represents concentration of the p type impurity such as boron. Here, p 

type isolation region 3 corresponds to the region of which depth is at most 

0. 55jam, the first impurity region 52 corresponds to the region at the depth 
of O.ljam to 0.55|im, and the second impurity region 50 corresponds to the 
region having the depths of 0.1|am to 0.25^m, overlapped with the first 

10 impurity region 52. 

The method of manufacturing the semiconductor device having the 
above described structure will be described with reference to Figs. 3 to 12. 
Referring to Fig. 3, element isolating oxide film 2 is formed by 
N! LOCOS (Local Oxidation of Silicon) method or trench isolation method on 

^ 15 the main surface of p type silicon substrate 1. Thereafter, an n type 
tn impurity is introduced to the entire main surface of p type silicon substrate 

1, to form a strip shaped p type isolation region 3. The impurity 
concentration of p type isolation region 3 is set to be lxl0 17 cm" 3 to 

H= 5xl0 17 cm~ 3 . 

X . 

Sssse 

20 Referring to Fig. 4, thereafter, a gate oxide film 4 and a gate 

C? electrode 5 having prescribed shapes are formed by photo lithography and 

etching. Then, referring to Fig. 5, using a gate electrode 5 as a mask, an n 
type impurity is introduced to the main surface of p type silicon substrate 1, 
to form the pair of n type source/drain regions 6. The impurity 
25 concentration of the pair of n type source/drain regions 6 is set to be 
5xl0 17 cm" 3 to lxl0 18 cm~ 3 . 

Thereafter, an oxide film 7 is formed to cover the upper and side 
surfaces of gate electrode 5 and the surfaces of the pair of n type 
source/drain regions 6, as shown in Fig. 6. Thereafter, an interlayer oxide 
30 film 8 is formed to cover oxide film 7. 

Then, referring to Fig. 7, a contact hole reaching one of the pair of n 
type source/drain regions 6 is formed through oxide film 7 and interlayer 
oxide film 8, and a bit line 9 of a conductive layer such as aluminum is 
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formed to be connected to one of the pair of n type source/drain regions 6. 

Then, referring to Fig. 8, an interlayer oxide film 10 is formed to 
cover interlayer oxide film 8 and bit line 9, and thereafter, using photo 
lithography and etching, a contact hole 10a passing through interlayer 
oxide film 10, interlayer oxide film 8, oxide film 7 and element isolating 
oxide film 2 to reach silicon substrate 1 is formed by dry etching. The 
condition for dry etching is 41mTorr, 1700W, C4 F 8 : lOsccm, CO : SOsccm, 
Ar : 250sccm, and O2 : 5sccm. 

Then, referring to Fig. 9, an n type impurity (for example, 
phosphorus) is introduced to p type silicon substrate 1 through contact hole 
10a, to form a second impurity region 50 connected to the other one of the 
pair of n type source/drain regions 6. 

The condition for n type impurity introduction at this time is 
implantation energy of 20keV to 120keV and the dose of 8xl0 12 cm" 2 to 
8x 10 13 cm" 2 . As a result, the second impurity region 50 comes to have the 
impurity concentration of about 2xl0 17 cm~ 3 to about 2xl0 18 cm~ 3 . 

Then, referring to Fig. 10, an anti-HF side wall film 51 of an oxide 
film is formed to cover an inner portion of contact hole 10a. Then, 
referring to Fig. 11, anti-HF side wall film 51 on the bottom portion of 
contact hole 10a and on interlayer oxide film 10 is removed by dry etching, 
so that anti-HF side wall film 51 is left only on the side wall portions of 
contact hole 10a. The condition for dry etching is GOmTorr, 700W, CHF 3 : 
SOsccm, and Ar : lOOsccm. 

Thereafter, in order to remove a natural oxide film formed on the 
surface of p type silicon substrate 1 exposed at the bottom portion of contact 
hole 10a, washing with hydrofluoric acid is conducted. 

Referring to Fig. 12, an n type impurity region (for example, 
phosphorus) is introduced to p type silicon substrate 1 through contact hole 
10a, and a first impurity region 52 connected to p type isolation region 3 is 
formed. 

The condition for n type impurity implantation at this time is 
implantation energy of 80keV to 180keV and the dose of 8xl0 12 cm" 2 to 
8xl0 13 cm" 3 . As a result, the first impurity region 52 comes to have the 
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impurity concentration of about 2xl0 17 cm~ 3 to about 2xl0l 1 ? , cm" 3 . 

Then, a storage node (lower electrode) 13 directly connected to the 
first impurity region 52, a capacitor dielectric film 14 and a cell plate 
(upper electrode) 15 are formed, and thus the DRAM memory cell structure 
in accordance with the embodiment having nMOS 100 and capacitor 200 
shown in Fig. 1 is complete. 

According to the semiconductor device and manufacturing method 
thereof in accordance with the present embodiment, even when a nitride 
film is used, the nitride film used as the anti-HF side wall film 51, and 
therefore thickness of anti-HF side wall film 51 is unchanged in the step of 
washing using hydrofluoric acid. Therefore, refresh characteristic of the 
DRAM can be improved. 

As to the trap generated in the silicon substrate 1 when the first 
impurity region 52 reaching isolation region 3 from the lower end of contact 
hole 10a, the trap does not present any problem, as the second impurity 
region 50 is formed in silicon substrate 1 near the lower end of contact hole 
10a. 

Further, as the second impurity region 50 is provided in silicon 
substrate 1 near the lower end of contact hole 10a, silicon substrate 1 near 
the lower end of contact hole 10a comes to have lower resistance, which 
allows improved write characteristic of the DRAM. 

Second Embodiment 

The semiconductor device and manufacturing method thereof in 
accordance with the second embodiment will be described with reference to 
the Fig. 13. 

Referring to Fig. 13, the semiconductor device of the present 
embodiment is basically the same in structure as the semiconductor device 
in accordance with the first embodiment described above. Therefore, only 
the difference will be described in detail. 

Portions corresponding to those of the semiconductor device in 
accordance with the first embodiment are denoted by the same reference 
characters. In the semiconductor device according to the present 
embodiment, in place of the anti-HF side wall film 51 formed of a nitride 



film in the first embodiment, an anti-HF side wall film 53 formed of a 
conductive film such as polysilicon or amorphous silicon is formed on the 
side wall portion of contact hole 10a. 

Even when the anti-HF side wall film 53 which is a conductive film 
is used, the thickness of the anti-HF side wall film is unchanged in the step 
of washing using hydrofluoric acid. Therefore, it becomes possible to 
improve refresh characteristic of the DRAM. 

Further, anti-HF side wall film 53 is formed of a conductive film, the 
trap generated in silicon substrate 1 when the first impurity region 52 
reaching isolation region 3 from the lower end of contact hole 10a described 
in the first embodiment is formed does not present any problem. As a 
result, it is not necessary in the present embodiment to form the second 
impurity region 50 in silicon substrate 1 near the lower end of contact hole 
10a. 

Third Embodiment 

The semiconductor device in accordance with the third embodiment 
will be described with reference to the Fig. 14. 

Referring to Fig. 14, the semiconductor device in accordance with the 
present embodiment is basically the same in structure as the semiconductor 
device in accordance with the first embodiment described above. 
Therefore, only the difference will be described in detail. Portions 
corresponding to those of the semiconductor device in accordance with the 
first embodiment will be denoted by the same reference characters. 

In the semiconductor device in accordance with the present 
embodiment, the anti-HF side wall film 51 formed of a nitride film in the 
first embodiment is formed only in the vicinity of a lower end portion of the 
side wall of contact hole 10a. Formation of anti-HF side wall film 51 with 
reduced height is possible by appropriately selecting the condition of dry 
etching in the step of dry etching shown in Fig. 11 of the first embodiment. 

Similar function and effect as in the first embodiment can be 
obtained in the semiconductor device in accordance with the third 
embodiment. 

The embodiments described above are exemplary and not limiting. 
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Though an insulating film of a nitride film, a polysilicon or an amorphous 
conductive film has been described as the anti-HF side wall film, any 
material may be used provided that it has slower etching rate than an 
oxide film such as TEOS with respect to hydrofluoric acid. If the material 
is an insulator, the structure similar to the first embodiment may be used 
and if the material is a conductor, a structure similar to that of the second 
embodiment may be used, to obtain similar function and effects as in the 
first and second embodiments. 

Although the present invention has been described and illustrated in 
detail, it is clearly understood that the same is by way of illustration and 
example only and is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited only by the terms of the 
appended claims. 
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